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TECHNICAL NOTE 3412

CREEP AND CREEP-RUPTURE CHARACTERISTICS OF SOME
RIVETED AND SPOT-WELDED LAP JOINTS
OF ATRCRAFT MATERIATS

By Leonard Mordfin
SUMMARY

_ Equipment and test techniques which were used in the creep testing
of lap joints are described. Riveted aluminum-alloy Joints fabricated
from 75S-T6 end 24S-T3 sheet with 24S and 24S-T31 rivets were tested
at 300°, L00°, and 500° F. Spot-welded joints of 1/k-hard, type 301
stainless steel were tested at 800° F. Each type of Joint was also
tested in tension at room temperature.

The test results show that the creep of the riveted joints is con-
siderably greater than the creep of the unriveted sheet although not so
large that the creep of the sheet 1s negligible compared with that of
the joints. The shapes of the creep curves of the joints indicate that
a correlation may be possible with the creep properties of its component
naterials.

The limited data obtailned indicabte thaet the creep-rupture strength
of a riveted joint may be spproximated by assuming the creep-rupture
efficiency of a joint at any temperature to be equal to the room-
temperature efficiency. An empirical relation based on the experimental
results is proposed to give more accurate estimates of the creep-rupture

strength.

The creep &t 800° F of spot-welded joints of cold-worked austenitic
gtainless steel is found to be negligible, at least up to about 200 hours.

INTRODUCTION

The development of Jjet- and rocket-powered aircraft and the sub-
sequent penetration of the sonic barrier magnified the problem of aero-
dynamic heating to the point where it 1s now a major obstacle preventing
the attaimment of even higher speeds. Many of the materisls and com-
ponents of aircraft comstruction undergo severe weakening effects at the
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elevated temperatures produced by serodynamic heating. One such effect
is creep, the phencmenon of continuing deformation with time under con-

stant loadling.

The original method of designing agasinst creep lnvolved the use of
stresses so low that creep would be negligible. This, however, vioclated
the minimum weight requirements of alrcraft. Accordingly, aircraft struc-
tures are now designed with stresses only low enough to prevent exces-
sive deformetion or rupbture within a specified lifetime. This new crite-
rion obviocusly requires a more complete knowledge of the creep proper-
tiles of materials and structures than did the former.

Meny experimental investigations have been conducted to determine
the creep characteristics of aircraft materials. (See bibliography. )
The results of this work are insufficient, however, to describe ade-~
quately the deformations and times to rupture of composite structures. It
hes been considered necessary, as an intermediste step, to evaluate the
creep characteristics of simple structural components, such as Joints,
In order to predict the creep behavior of composite structures.

To date, creep datae relating to joints are mesger (refs. 1 and 2).
The 1lnvestigatlion reported herein on the creep of riveted and spot-welded
lap Jjoints was undertaken therefore for the following reasons:

(1) To investigate the general nsture of the behavior of Joints
in creep

(2) To obtain design criteris for Jolnbts subjected ‘o creep C

(3) To assemble equipment and to develop test technlques necessary
for conducting a future comprehensive investigation of the creep of
Jolnts

This investigation was conducted at the National Bureau of Standards
under the sponsorship and with the finasnclal assistance of the National
Advisory Committee for Aercnsutics. The author is grateful to the mem-
bers of the Engineering Mechanics Section of the National Bureau of
Standards for thelr valuable suggestlons and encouragement throughout
this investigation. The assistance of Mr. J. B. Henry of the Allegheny
Iudlum Steel Corporationr in the procurement of materials and of Mr. W. S.
Cockrell of the Ryan Aeronautical Compsny in the fabrication of specimens
is acknowledged. Thanks are also due Mr. R. M. Kinney of the Baldwin-
Lima-Hemilton Corporation for his suggestlons concerning the test equipment.
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SPECIMENS

Design

The general design of the specimens is shown in figure 1. The gage
length of the specimen inciudes four identical lap Jjoints. This com-
bination of Joints eliminates the over-all eccentricity which is inherent
in a single lap Jjoint and also offers statistical advantages. The aver-
age extension per Joint as defined in this report is the extension of
the gage length divided by four and 1s less dependent upon minor fabricg-
tion and dimensionsl differences than the extension of a single Joilnt
would be. The time to rupture 1s, conservatively, the time to rupbure
for the weakest of the four joints. The data obtalned with multiple
Joints are probably more valuable to the designer than data obtained from
a slingle Joint and should also yleld less scatter than date from a single
Joint.

The doublers (fig. 1) are sbout three to four times as thick as the
sheet materials. Relatively thick doublers were used so that all of the
creep vould be effectively restricted to the sheet materisls and the
rivets, thus simplifying the Interpretation and the application of the
results. Furthermore, the use of a heavy doubler served to make the
test Joints approximate actual aircraft construction more closely, that
is, the sheet representing a wing skin and doubler simulating a spar cap.

Four groups of speclmens were investigated. These were designated
as groups A, B, C, and S5, where A, B, end C were riveted aluminum-alloy
specimens and group S consisted of spot-welded stainless-steel specimens.
The nominegl dimensions of the four groups of specimens end the materials
of which they were fabricated are given in figure 1 and table 1. The
direction of rolling of the sheet and strip materisls was in the axial
direction of the specimens. Rivet holes were made with a No. 30 drill.

It will be noted that the group A specimens were fabricated with
24s- (not heat-treated) rivets. These rivets were availsble at this lab-
oratory, and the group A specimens were intended primarily for checking
the operstion of the test equipment at the start of the investigation.
The results of those tests on group A specimens in which the test equip-
ment functioned satisfactorily are included in this report. These results
are velueless as design data since 24S rivets are probably never used in
airecraft, but they do offer some assistance in understending the creep
behavior of riveted Joints and in corroborating some of the conclusions
derived from the tests of the other riveted specimens.

The aluminum-slloy specimens were fabricated at this laboratory and
were riveted by a lsborabtory mechanic having considerable experience in
the riveting of various types of aircraft structures. The stalnless-steel
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specimens were also fabricated at this laboratory, with the exception of
the spot-welding, which was done by the Ryan Aeronautical Compsany.

Each specimen was given a desigoation such as, for example, 4B-8.7,
where the first digit represents the nominal test temperature in hundreds
of degrees Fahrenhelt, the letter specifies the specimen group in accord-
ence with teble 1, and the last figures represent the nominal-test load
in hundreds of pounds. The example given, then, refers to a specimen of
group B, tested at 400° F with a load of 870 pounds. For the specimens
statically tested at room temperature, the first digit is replaced by R
to indicate room temperature and the lest figures are replaced by S To
indicate static testing.

Mechanical Properties

Three rivets of each of the two types used in the fabrication of
the riveted specimens were tested in shear at room temperature using a
conventional hardened-steel double shear Jjig. The results of these tests
are glven in table 2.

One specimen of each of the four groups (table 1) was tested in
tension at room temperature. The load-extension curves are presented in
figures 2(a) and 2(b), the extensions being average values per Joint.
Table 3 gives the maximum loads obtalned in these tests and also the ten-
sile strengths of the unriveted sheets of the specimens computed from

date in reference 3. The last column in table 3 lists the room-temperature

efflcliencies of the Joints, which are the ratios of the strengths of the
Joints to the strengths of thelr unriveted sheets.

All of the room~tempersture tests were performed in a Baldwin-
Southwark 20,000-pound-capacity hydraulic testing machine.

CREEP TEST EQUIPMENT

Loading

Two creep testing machines were used. These were converted from two
screw-power, beam-and-polse testing machines by the addition of load-

mainteining circults. The two machines are a 50,000-pound-capacity Riehle

and a 50,000~pound-cepacity Tinius Olsen.

The load-maintalning circults have been in use at this laboratory
for many years and are fully described in reference 4. Briefly, however,
the load is maintained as follows: When the test load is applied, the

NEE T
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beam A is balanced at the center of the trig loop B (fig. 3). Thereafter,
1f the load increases or decreases, the beam moves up or down, respec-
tively, within the trig loop, thereby closing electrical conbacts C or D.
This ceuses the loading mobtor of the testing machine to reduce or spply
load, respectively, bringing the load back to the nominal test load and
balancing the beam once more. Tests showed that thls apparatus meintains
load constant within 5 pounds of the nominal test load.

Serrated wedge grips were used to hold the specimens in the machine.
Tests on a dummy specimen at room temperature with SR-4 strain gages
showed that the load was applied axially with no bernding and that the
strain distribution across the wldth of the specimen was uniform within
5 percent at a distance of 3 specimen widths from each of the grips.

Switches were installed on the machines to cut off the loading motors
when rupture of the specimens occurred.

Heating and Temperature Measurement

Two cylindrical electric resistance furnaces, one for each testing
mechine, were constructed. Nichrome colls were externally wound on
Alundum cores. The colls are held in place with refractory cement and
surrounded by perlite Insulation., Each assembly 1s enclosed in a c¢ylin-
drical stainless-steel shell having transite cover plates. The furnaces
are mounted upon tables in the testling machines.

The reslstance coils are wound in separate sections, each section
shunted by an adjustable resistor or a variable aubotransformer. These
were used to regulate the relative emounts of heat supplied by the 4if-
ferent portions of the furnace and thus made it possible to minimize the
temperature gradients along the gage lengths of the test specimens., The
amount of power supplied to the furnaces was regulated by two
potentiometer-type asutomatic temperature conbtrollers.

Four Chromel-Alumel thermocouples were attached to each specimen
with small clamps, one adjacent to each of the four Joints. (The thermo-
couple locations are indicated in fig. 1.) One of these thermocouples
was used as the sensing element for the automatic temperature controller,
and its oubput was recorded automatically. The other three thermocouple
outputs were measured with a millivolt potentiometer.

Extension Measurement
Two creep extensameters (see fig. 4) were mounted on each specimen,

one on each face. The extension occurring in the gage length is trans-
ferred by extension arms A and B to the outside of the furnace. These
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extenslon arms are mounted on the specimen with knife edges C and are
held in place by tying wilth Nichrome wire D. This wire has sufficlent
elasticity at elevated temperatures to hold the extension arms in place
even after the thickness of the specimens diminished hecause of loading.
The relstive motion of the two extenslon exrms is messured with the scale
and vernler combinstion E. Rollers inserted between the inner and the
outer extension arms and between the inner extension arme and the specimen
permit the necessary relative motion of the arms. This motion requires a
force of about 2 pounds, whilch is negligible compared with the total loads
applied to the specimens.

The extensometers can be read to 0.001L inch with a probable accuracy
of +0.001 inch. This 1s equivalent to an average extension of 0.00025 inch
per Jjoint or an average strain of 0.00022 inch per inch.

Time to Rupture

Switches were attached to the testing machines 1n such a way that
rupture of a specimen opens the circult of an electric clock. In this
manner, the exact time of rupture was obtained even when an observer was
not present.

CREEP TEST PROCEDURE

Preparation

Gage lines were lightly scribed on the specimen at the ends of the
gage length (fig. 1). The vernier extensometers were mounted. The
thermocouples were then clamped To the specimen. The specimen was
inserted through the furnace and into the grips. A load of 25 pounds
was applied. This was necessary to Btraighten the specimen so that "zero"
extension readlings could be made, -

Heatilng and Loading

The specimen was heated to the test temperature while the straight-
ening load was permitted to drop off because of thermal expanslon. The
aluminum-alloy specimens were heated to test temperature in about 1 hour
and the stainless-steel specimens were hested to temperature in about

lE-hourg.

After the nomingl test temperature was reached, the straightening
load was agein spplied, and the specimen was maintained within 10° F of

<r
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constant temperature for 1 hour before the nominal test load was applied.
During this l-hour exposure the temperatures in the furnace had an oppor-
tunity to become stabilized, end final adjustments of the furnace controls
were made to minimize the temperature gradients along the gage length of
the specimen.

At the end of the l-bour exposure the nominal test load was applied
at a crosshead speed of 0.02 inch per second. This was considered time
zero for the test. The test load was thereafter held constant with the
load-maintaining apparatus, which applied or reduced load, as necessary,
at a crosshead speed of 0.2 inch per hour.

Measurements

The first extension measurements were made at room temperature after
the 25-pound straightening load was applied. Measurements were again
made immediately after the specimen reached the nominal test temperature
and the 25-pound load was again applled. These two sets of measurements
were used to compute the thermsl expansion of the Joints, as will sub-
sequently be described. Another set of measurements wes made at the
end of the l-hour exposure period to determine whether any creep had
occurred during the exposure due to the stralghtening load. None was
detected. Measurements were again made immedistely efter the nominsl
test load was applied to determine the initial or "instantaneous"
extension.

Extension was measured perlodicslly thereafter until failure. No
provision was made for obtalning the extension at rupture, and, from the
nature of the specimens, extension measurements after rupbure are
impossible.

Temperature measurements with the four thermocouples were made at
time zero, at half-hour intervals during the first 2 hours, and there-
after every time extenslon measurements were made.

REDUCTION OF DATA

Pemperature Data

Each time temperature measurements with the four thermocouples were
mede, the four temperatures thus obtained were averaged. This average
was called the average specimen temperature for that particular time,
The meximum difference obtalned between the average specimen temperature
and the temperature at any of the four thermocouple locations at that
time was 5° F, which was obtained with specimen 3B-12.5 for a period of
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1% hours. For the duration of most of the tests, however, this difference
was less than 3° F.

The average specimen temperatures for each of the tests were main~
teined constant within 8° F in the worst case, specimen 4C-6.8, and
within 3° F in most cases. These temperature variations were not cyelie,
for the most part, but were caused by occasional rapid changes of room
temperature. As such, they were eliminsted in short times by the auto-
matic temperature controllers and did not appear to influence the creep
curves.

The mean of the average speclmen temperatures for each test was
termed the average test temperasture.
Extension Data

The extension occurring within the gage length of each specimen was
measured with each of the two vernier extensometers mounted upon it. The

creep extensions obtalned with the two extensometers agreed within 5 per-

cent. The average of these two values, divided by four, was taken as
the average extension per Jjoint. This quantity was used in the anslyses
of the results and in all the tables and figures In this report.

The difference between the extension measurements made at room tem-~
perature and upon attalmment of test tempersture represents the indicsated
thermal expansion of the Jjoint. This quantity is the difference between
the actusl thermal expansion of the jolnt and the thermal expansion of
an equal length of extensometer rod, plus the elastic deformation in the

joint due to the temperature change of the elastic and shear modull. This

elastlic deformation was computed to be negligible and, hence, the actusl
thermal expansions of the Jolnts are glven by

Dg = Di + CeL(Te - To) (1)

where
Dy actual thermsl expansion of Joint, in.

Dy indicated thermsl expansion of joint, in.

Ce coeff}cie?t of linear thermsl expanslon of extensometer rod,
in. oF
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L length of joint, 1% in.

Te temperature of extensometer rod, °F

To room temperature, Op

The values of Cg for the various test temperatures were estimated from
reference 5. 1In the computations T, was taken as the average test

temperature. Check tests showed that this introduced an error of less
than 3 percent, which was considered negligible.

ELEVATED-TEMPERATURE TESTS AND

DISCUSSION OF RESULTS

Twenty-six creep and creep-rupbure tests were performed. The loads
and the average test temperatures at which each of the specimens was
tested are listed in table 4. The loads were selected with the object
of producing rupture in the range of times from 1 to 100 hours, although
this object was not always attained.

Thermal Expansion

The actual thermsal expansions of the Joints tested are listed in
table 4. The average values for each group of specimens at each temper-
ature are plotted in figure 5. Also given in this figure are theoretical
thermal expansion curves which were computed from the standard relation

Dy = CSL<T.b - To) (2)
where
Dy theoretical thermal expansion of a Jolnt, in.
Cg average coefflcient of linear thermsal expansion of the masterials
of the joint, in./in./°F
Ty nomiﬁal test temperature, O

The values of Cg were estimated from data in references 5, 6, and 7.
The discrepencies between the actual and the theoretical thermal expansions
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in figure 5 sre within the accuracy of the estimations of Ce and Cg _

for equations (1) and (2). This indicates that thermsl expansion under
uniform temperature does not produce any severe relocation of clearances
in a riveted Joint and that the thermal expansion can therefore be

directly computed. ' ' T

The magnitudes of the thermal expansions, 1t should be noted, are
far from being negligible insofar as structural anslysis i1s concerned.

Creep of Riveted Joints

In figures 6 to 9 are given the creep curves of the jolnbts tested.
These figures do not include the thermal expansions of the Jjoints. A
logarithmic time scale was used in the plotting of these curves in order
that all the curves of a single group at one temperature could be shown
on a single set of ¢coordinates. While this method facilitates the com-
parison of curves for different losds, 1t does not show the true shape
of the creep curve for the riveted Jjolnts. A representative creep curve
on Cartesian coordinastes 1s therefore shown in figure 10. It will be
noted that the creep curve of a jolnt thus shown is similar in shape to
the creep curve of a plain materiasl in that 1t has primery, secondary,
and tertiary creep stages and in that it does not suffer instantaneous
deformations due to slip. Thus, 1t may eventually be possible to find _
a correlation between the creep of a riveted Joint and the tensile, o
bearing, and shear. creep of its component materials. BSuch a correlation
would be extremely wvaluable since it would enable the designer to predict
the creep of a riveted Jjoint of any design from the results of materials
tests alone. At present, bearing and shear creep data on aircraft struc-
tursl msterlisls do not exist in sufficlent quantity to establish or
refute such a correlation, but information of this type is presently
being obtained at other laboratories (refs. 8 to 10, for example).

EBfforts to correlate the creep of the riveted Joints with only the
tenslle creep of its component materlals were unsuccessful, presumably
because the effects of temperature on the tensile, bearing, and shear
properties of a material are not the same (ref. 11). Figure 11 shows
a comparison of the creep curves of Joints 4B-8.7 and 4C-8.7 wilth the
creep curve of 24S-T3 sheet under approximstely the same net tensile
stress. The latter curve was taken from reference 12, with the creep

strains multiplied by l% inches, the length of a Joint, to mske the
extensions more comparable. It can be seen that the creep of the joints

is much larger than the creep of the sheet, although not so large that
the creep of the sheet 1s negligible compared with thet of the jolnts.
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Creep Rupture of Riveted Joints

The times to rupture (table 4) are plotted on logarithmic coordinates
as a function of load in figure 12. Straight lines falred through the
plotted points corresponding to each group of Jjoints at each tempersture
appear to gilve a reasonably close approximation to the experimental
results, particularly insofar as load is concerned. For design purposes,
then, the load necessary to produce rupture in s given time can be pre-
dicted fairly accurately by a relation of the form

P = bt" (3)
where
P load, 1b
t time to rupture, hr

and b and n are counstants which depend upon the design of the riveted
Jjoint end the temperature. A relatlon of this form should not be used,
however, to predict the time to rupture of a Joint under a gilven load,
since figure 12 indicates that large errors could result. (The experi-
mental results can be approximated equally well by straight lines on semi-
logarithmic coordinates, but this ylelds an empiricsl relation which is
somevhat more cumbersome than eq. (3).)

The values of b and n, equation (3), which satisfy the curves
in figure 12 are listed in table 5. In figure 13 the values of b are
plotted against absolubte tempersture on logarithmic coordinates. This
figure shows a linear logarithmic relationship between b and sbsolute
temperature. Expressed mathematically,

b = T (&)

where T 1is absolute temperature in ®°R and ¢ and m are constants
which depend solely on the design of the Joint. Since the designs of the
Joints are, after all, arbitrary ones, it follows that equation (%) is
probably not unique.

Substitubing equation (4) into equation (3) yields

P = oriR (5)

This relation gives the load necessary to produce creep rupture of an
aluminum-alloy riveted Jolnt at any given temperature in any given time.
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It should be stated, once more, that large errors would be obtained if
equation (5) were used to predict the time to rupture for a given load.

The values of ¢ and m vwhich satisfy the curves in flgure 13 are
listed in table 5. With the values of ¢, m, and n 1listed, equation (5)
describes the creep~rupture behavior of the riveted Joints tested quite
closely. Additional tests would be necesgsary to investigate the influ-
ence of the various design parameters of a riveted joint on ¢, m, and n.
Even more Important, however, is the necesslty of additional tests to
exsmine the validity of equation (5) for joints of other designs and to
determine the temperature and time ranges over which it is applicable.

Initiel Extenslion

The initial extensions of the joints tested are listed in table 4
and shown graphicaelly as a function of load in figures 14 to 16. Since
linear extrapolations of these curves would not pass through the origin,
it 1s clear that the applied loads produced extensions beyond the elastic
range of the Jolnts. In actusl practice, however, Joints would not gen-
erally be subjected to loads above their yleld strengths. Hence, the
times to rupture would be greater than those obtalned in thils investi-
gation. From the times to rupture listed in table 4, it may therefore be
tentatively concluded that, if an aluminum-allioy riveted Joint of reason-~
able design is subJjected to a load not exceeding its yleld strength, the
time to rupture will be at least about 60 hours and in some cases more
than several hundred hours. This, of course, refers to the yleld strength
et the temperature in questlon.

Creep~-Rupture Efficiency of Riveted Jolnts

In figures 17 and 18 the load-rupture curves of figure 12 are
replotted together with tensile loasd-rupture curves for unriveted sheet
of the same s8lloys as those used In the Jjoints. The latier curves were
converted from the stress~rupture data in references 12, 13, and 1k by
multiplying the stresses by the gross cross-sectional area of the sheets.

The creep-rupture efficlency of a riveted Joint 1s defined as the
ratio of the load that produces creep rupture of the Joint to the load
that produces creep rupture of the unriveted sheet at the same temperature
and In the same time. The creep~rupture effliciency was campubted for all
of the joints represented in figures 17 and 18 except those for which
rupture- date on unriveted sheet are lacking. For Jjoints 3A-T7.l, 3B-15,
and 5B-T.T, which failed upon loading, the creep-rupture efficiency was
computed using data in reference 11 on the elevated-temperature tensile
gtrength of unriveted sheet after a l-hour temperature exposure.

»
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The creep-rupture efficiencies are listed in table 6. Also listed
are the deviations of the creep-rupture efficlencies from the room-
temperature efficiencies. With one exception, Jjoint 3A-6, these devi-
ations are seen to be less than 30 percent. Apparently, in the absence
of other informastion, a rough estimate of the load necessary to produce
rupture of a Joinkt at a given temperature in a specific time can be
obtained by assuming the creep-rupture efficliency of the joint to be
equal to the room-tempersture efficiency. The accuracy of this method
of predicting the rupture strength of a Joint is far less than that glven
by equation (5), but it has the advantsge that no creep-rupture tests of
Joints are needed, since it is based on tensile stress-rupture data of
unriveted sheet much of which 1s already availsble. Also, this method
holds for short-time strength, whereas equation (5) breaks down when +t
is zero.

In evaluating the creep-rupture characteristics of a new Jjolnt
design, both methods could be used advantageously. The approximete method
based on the estimated creep-rupture efficiency could be used to select
the loads for creep-rupture tests to determine the constants for
equation (5).

Creep of Spot-Welded Jolnts

Table 4 shows an ultimate strength of 4,200 pounds for the spot~welded
stainless-steel lap joints at approximately 800° F. The creep curves of
these Joints at 800° ¥, figure 9, show that under loads up to 97 percent
of the ultimate the creep is negligible, at least for times up to sbout
200 hours. Data In reference 7 show that in this temperature and time
range the creep of austenitic stainless steels is universally small.
Apparently, then, the residusl stresses and the changes in microstructure
produced by the spot-welding do not significantly change the creep prop-
erties of austenitic stainless steels.

The specimens tested were fabricated from 1/4<hard materisl. Since
the creep resistance of the 18-8 type steels at temperatures up to 800° F
is increased by cold-working (ref. 15), the conclusions reached herein
are undoubtedly also true for the 1/2-, 3/4-, and full-hard materiels.

Under the original plan of this investigation, it was Intended to
test group S specimens at 600° and TOO® F. However, these tests were
dispensed with after the 800° F tests since creep would obviously not
have been obtained at the lower temperatures. '
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Description of Ruptures

The distribution of the ruptures obtained in this investigation
among the four Joints per specimen appeared entirely random.

All of the group A Jjolnts ruptured because of shearing of rivets
(specimen (b), fig. 19). The skew position of the upper doubler in this
figure was caused by unequal shear creep deformations of the rivets in
the upper Jjoint.

With the exceptlion of specimen 5B-T.7, all of the group B Jjoints
ruptured by tearing and shearing the sheet as shown by specimen (a), fig~
ure 19. Bearing deformations were evident in all of the joints in this
group. The skew position of the center portion of specimen (a), figure 19,
was caused by uneven deformations in the other joints. Specimen (d),
5B-7.7, ruptured because of shearing of both the sheet and one rivet.
Bearing deformatlons were also evident in the unruptured Jjoints of this
speclmen.

The group C specimens which were tested at elevated temperature
failed by shearing the rivets (specimen (b)). The group C specimen
tested at room temperature failed because of shearing of the sheet
(specimen (c)}. All of the group C specimens suffered bearing creep
deformations also. The change in the mode of failure of the group C
specimens in going from room to elevated temperature indicates that
the shear strength of the 248.T31 rivets decreases more rapidly with
temperature than the shear strength of the alclad 24S-T3 sheet.

The group-S Joints ruptured by shearing and tearing the sheet (spec-
imen (e)) both at room temperature and at 800° F.

The scratches near the gage lines on some of the specimens in fig~
ure 19 were caused by the knife edges of the extensometers at rupture.

Effect of Edge Distance

Edge distance e (fig. 1) is often considered in the design of a
riveted joint only in the manner in which it affects the wltimate bearing
strength of the sheet. A comparison of the modes of failure and the
strengthe of the group B and the group C specimens, however, shows that
1t also has a direct effect upon the force required to produce shear fail-
ure in the sheet. Hence, while an edge distance of 2.0 diameters may be
expected to develop full hearing strength (ref. 3), it does not necessarily
develop full Jolnt strength.

Figure 12 shows that the load-rupture curves of the group B and
group C joilnts at 400° F asre not parallel. While the degree of nonparsl-
lelism is within the probsble scatter of the experimental results, it is

LI
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quite possible that the rupture strength of the group C joints does
actually decrease more rapidly with time then does that of the group B
Joints. This would mean, more specifically, that the rupture strength
of the 24S-T31 rivets in shear decreases .more rapidly than the rupture
strength in shear of the 245-T3 sheet at 400O° F. Hence, in time, the
difference in strength of the two types of Jjoints would become smailer
and thereby minimize the effect of edge distance. It is improbable,
however, that the two curves could ever cross.

Recommendations

Several methods of estimating the creep and creep-rupbture behavior
of Jjoints have been discussed in this report. It should be emphasized,
however, that the criteria used for these estimatlons are based on a
very limited number of tests. Thus, while they represent much of the
information avaeileble at this time on the creep of joints, they should by
no meang be considered finsl and should therefore be used with caution.
It is recommended that additional investigations of this nature be per-
formed on other designs of Joinbts before £insl criteria are established.
These investigations could, among other things, test the valldity of
equation (5) and determine whether the creep of Joints can be predicted
from the creep of its component materials.

The strengbth of the spot-welded steel specimen at room temperature
(table 3} is almost three times grester than the maximum load computed
from reference 3. This discrepancy is believed to be due to recent
improvements in spot-welding techniques. It is felt, therefore, that a
new investigation of the strength of spot-welded Jolnts would be a worth-
while contribution.

DESTGN CURVES FOR RIVETED JOINTS

Design curves for the group A, group B, and group C Jolnts are given
in figures 20(a) to 20(c), respectively. These figures express the loads
required to produce various extensions and rupture as a function of test
time. The extensions are given in percentages of the nominal rivet dilam-
eter, 0,125 inch. Extensions are plotted for only a few of the Jjoints
tested at 300° ¥, because at this temperature the change in extension
from time zero to rupbture was generally quite small.

CONCLUDING REMARKS

The creep of aluminum-alloy riveted Jjoints is considerably greater
than the tensile creep of unriveted sheet and no correlation between the
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two could be found. The shape of the creep curves, however, suggests
that a correlation between the creep of a riveted Joint snd the creep of
ite component materials in tension, bearing, and shear may be possible.

At temperatures up to 500° F, an elastically loaded aluminum-slloy
riveted joint will have a rupture time of at least 60 hours and in some
cases more than several. hundred hours. A rough estimate of the creep-
rupture strength of a Joint may be obtalned by assuming the creep~rupture
efficiency at the temperature in question to be equal to the room-
temperature efficiency of the joint. A more accurate computation of the
load required to produce creep rupture of a joint at a specific temper-
ature in a given time 1s achieved by using the relation

P=C'Im'tn

vhere P represents the load, T represents the absolute temperature,
t represents the time to rupture, and c, m, and n are constants,

n depending upon the deesign of the Joint and temperature and ¢ and m
depending solely upon the design of the joint.

The creep of spot-welded lap joints of cold-worked éustenitié stain-~
less steel at 800° F is negligible, at least up to 200 hours.

National Bureau of Standards,
Washington, D. C., August 6, 195%.
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TAELE 1.- DESCRYPTION OF SFECIMENS

[Bee slso fig. 1]

Edge
Group Sheet material Fagtener Doubler meterial distence,
e
A ]0,032-in, alclad T58-76 | 1/B-in. 248 sluminum- 1/8-in, 248-Th alumimm- | 82.0D
alwm{mm~alloy sheech alloy round-hesd rivets alloy strip
B |0.032-in. aleclad 2h8-T73 | 1/8-in. 248-T31 aluninum- 1/8-in. 248-Th alumimm- | &2.0D
aliminum-alloy sheetb alloy miversal~hesd rivets alloy strip
C {0.032-in. alclad 248.T3 | 1/8-in. 24B-T3L alumimm- 1/8-in. 248-Th alumimm- | 22.5D
slhamimm-~alloy sheet alloy unlversal-head rivets elloy strip
S .| 0.037-in, stainless- 1/4-in. spotwelds 3/32-1n. steinless- 1/% 4n.

steel strip, type %01,
1/% hard, 2B finish

steel sheet, type 302,
snnealed, 2B finish

®D = Rivet dismeter = 1/8 in.

e
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TABLE 2.- RESULTS OF DOUBLE SHEAR TESTS OF

RIVETS AT ROGM TEMPERATURE

Maximum Ultimate

Rivet loed, shear stress,

( a) 1b psi

bolg.m31 1,060 43,200
boyg. 31 1,040 42,400
boks.m31 1,020 41,600
(Average) 1,040 42,400
24s 482 19,600
2ks 487 19,800
248 L84 19,700
(Aversge) 48k 13,700

SFor full description, see table 1,
PTemper is actually -T4 before

driving.

AT ROOM TEMPERATURE

TABLE 3.- RESULTS OF TENSITE TESTS OF JOINTS

Computed
Group | Test bfiﬁfmfb Sgnr;ﬁ}clegf Efgi-gixzy,
sheet, 1b
A RA-5 TTh 3,600 22
B RB-S 1,680 3,000 56
c RC-5 1,750 3,000 58
S RS-8 6,500 6,900 oh

23
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TARLE 4,.- RESULTS OF CREEP-RUPTURE TESTS
Aversage Actual
Test load, test thermal | Tmitlal | Time %o
Group| Specimen 1b temperature, | expansion, extension, | rupture,
°F in, . hr
A ZA-T.1 To 305 0.0031 (a) )
3A-6.3 630 298 0033 0.0122 1.72
A6 600 301 0034 0067 67.8
Average 301 0033
A | ba-h 4oo Loz .0054 .00%1L .8
hA%.5 350 403 0054 0025 4.35
ha-3,1 310 Lok 0053 .0022 10.8
ba-2.75 275 Lo3 .0054 .0016 63.6
Aversge Loz 0054
B | 3B-15 1,500 306 0035 (=) o
3B-13.5 1,350 300 0035 0251 7.87
3B-12.5 1,250 300 .00L40 .0181 17.6
3B-10.5 1,050 302 0030 L011h 3.1
3B-10.3 | 1,030 299 .0033 .0088 16k.L
3B~ 8.9 890 302 0037 0073 (v)
Aversge 302 .0035
B 4B-8.7 - 870 398 .0052 0072 2.25
4B-T.1 10 ko3 .0054 .0054 12.0
4B-5.9 590 396 .0053 .00l3 82.9
4B-3.9 390 399 0054 .002k {c)
Average 399 .0053
B | 5B-T.7 770 498 .0068 (a) 0
5B-5 500 502 0069 +0060 2.19
5B-4 koo L 89 (a) 0038 (e)
5B-3,k 340 500 .0066 o002k 3L.2
Aversge kot 0068
c ko817 8710 Loo 0050 0061 9.19
40-6.8 680 Lo1 . 0050 0039 51.0
Average Loo .0050
8 8s-k2 4,200 806 0086 (a) o)
88-41 4,100 803 .009L L0667 Er)
8g-38 3,800 8ok 0088 L0324 g)
Average 804 .0088

8g9pecimen fractured before initisl extension could be messured.
blest discontinued after 169.8 hr.
®fegt disconbinued after 237.8 hr.
Aot determined,
€Test inadvertently discomtinuved after 6.0 hr.
fTest dlscomtinued after 175.5 hr.
BTegt discontimed after 165.2 hr.
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TABLE 5.- CONSTANTS FOR EQUATIONS (3), (4), AWD (5)

Group TempegFa.ture, b n c m
A 300 634 | -0.013% | 9.55 x 10Y2 | -3.88
A 400 392 | -.0855 | 9.55 x 1000 | -3.88
B 300 1,620 | -.089% | 2.82 x 1016 | _4.59
B 400 9lo -.109% | 2.82 x 10l6 -4.59
B 500 561 | -.1453 | 2.82 x 10%° | -k.59
C 400 1,200 - 1436 (a) (a)

B8Tngufficient tests to determine.

25
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TABLE 6.~ CREEP-RUPTURE EFFICIENCY OF RIVETED JOINTS

Creep-rupture Deviation,
Joint efficiency, percent
percent

. (a)

3A-T.1 26 18
ZA-6.3 26 18
3A-6 32 k5
AL 28 27
3B-15 56 0
3B-13.5 L9 -12
3B-12.5 46 -18
3B-10.5 ko -29
3B-10.3 L3 -25
4B-8.7 46 ' -18
4B-7.1 by ~21
4B-5.9 46 -18
5B-T.T 53 -5
. 5B-5 ] 52 ' -7
4C-8.7 53 ' -8
4C-6.8 50 _ -1k

Creep~- rupture efficiency -~ Roam-temperature efficiency

SDeviation =
Creep-rupture efficiency
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Figure 6.- Creep curves of joints at 3000 F.
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Figure 7.~ Continued.
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Figure 17.- Comparison of load-rupture curves of group A Joints and
aleclad T5S-T6 sheet.
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Figure 20.- Design curves.
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(b) Group B joints.

Figure 20.- Continued.
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(e) Group C joints, 40OO° F.

Figure 20.- Concluded.
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